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Germanium carbide
IV-IV materials have many actual and poten-
tial applications and not just in semiconduc-
tors. The best understood is likely to be SiC, 
but germanium carbide (GeC) is also excit-
ing quite a lot of interest. In Applied Surface 
Science [Vol. 252, Issue 23, pp. 8135–8138] 
Ge1–xCx double-layer antireflection and 
protection coatings are described by C.Q. 
Hua et al., Dept of Materials Science, Key 
Laboratory of Automobile Materials of MOE, 
and State Key Laboratory of Superhard 
Materials, Jilin University, PR China.
The antireflection germanium carbide coat-
ing, deposited using RF reactive sputtering, 
on both sides of ZnS substrate wafer has 
been developed. The IR transmittance spec-
tra show that the IR transmittance in the 
wavelength region between 8 and 12 µm 
for the designed system is greatly enhanced 
compared to that for ZnS substrate. In addi-
tion, the double-layer coated ZnS substrate 
is approximately four times as hard as 
uncoated ZnS substrate. This investigation 
indicates that a double-layer Ge1–xCx
coating can be used as an effective antire-
flection and protection coating on ZnS 
infrared window.
Spintronics
Ferromagnetic thin films on semiconduc-
tor substrates have been of great interest in 
recent years because of the possible future 
development of spintronics. In Solid State 
Communications [Vol. 140, Issue 1, pp. 
33–37] MOCVD growth, structure and mag-
netic properties of Fe films grown on GaAs 
(001) substrates are reported by Kewei Liu 
of Key Laboratory of Excited State Processes, 
Changchun Institute of Optics, Fine 
Mechanics and Physics, Chinese Academy 
of Sciences. Here thin iron films have been 
grown on (001) GaAs substrates by LP-
MOCVD at different temperatures. XRD 
showed that all films have only one strong 
diffraction peak (110). The surface of Fe film 
became smooth with increasing growth 
temperature. Magnetization measurements 
showed that the Fe films grown at different 
temperatures were ferromagnetic with easy 
axis parallel to the film surface and hard axis 
perpendicular to the substrates.
Based on the small lattice mismatch, the 
stable bcc phase of Fe grew epitaxially on 
GaAs (001), GaAs (110), GaAs (113)A, and 
GaAs (133)A substrates, and numerous 
studies optimizing its growth conditions 
and analyzing its interface structure have 
been reported. Much attention has been 
concentrated on the magnetic behaviour 
of Fe films with the thickness below 100 
nm. The thin films of Fe/GaAs (001), with 
the thickness less than about 60 ML or 9 
nm, exhibit a remarkable and unexpected 
in-plane uniaxial magnetic anisotropy 
(UMA) with an [110] easy axis. Up to 
now, most of the Fe/GaAs structures were 
deposited by MBE. The hysteresis loop 
along the [100] and [110] axes has been 
shown at low temperature (6 K) for the 
sample thickness below 60 nm. It can 
be observed that the easy axis was not 
clear for the thinner films (<20 nm). By 
comparison with that prepared by MBE, it 
seemed that the different growth methods 
could lead to different results in magnetic 
properties of the films.
IEDM Showcases Forest of InAs 
Nanowires from Lund University
The annual IEDM presents some of the best 
research in electronics from labs around 
the world. Included in some of the most 
interesting papers to be given at the 52nd 
annual meeting, December 11–13, 2006 at 
the San Francisco, CA Hilton are some on 
advanced semiconductors including III-Vs. 
The meeting will be preceded by a day of 
Short Courses on Sunday, Dec. 10.
For example, a ‘Forest of Nanowires’ from 
researchers at Lund University* who built a 
MOSFET using an air-bridge design with a 
10×10 vertical array of InAs nanowires as the 
channel. Electrons flow through InAs extreme-
ly fast,  so this structure promises excellent 
performance. Electron mobilities through the 
array may be up to 10,000 cm2/Vs, and drive 
current of 100 µA and transconductance of 
2 mS were measured at zero gate voltage.
The nanowires were 1 µm apart, grown by 
chemical beam epitaxy on lithographically 
defined gold disks on a substrate, which 
acted as catalysts for their growth. The disks 
were patterned using electron-beam lithog-
raphy. All other patterning was accomplished 
with conventional optical lithography and 
standard III-V processing techniques. A 
wrap-gate dielectric and the gold disks were 
formed from low-temperature CVD-depos-
ited SiN and sputtered Ti/Au, respectively.
The electron microscope image on the 
previous page shows a view of a matrix of 
InAs nanowires with the wrap-gate formed.
*Paper #11.5, “Wrap-Gated InAs Nanowire 
Field Effect Transistor,” L.-E. Wernersson et al.,
University of Lund. Email: lew@gandalf.ftf.
lth.se
MOCVD InP integrated opto
Selective area epitaxy (SAE) is an impor-
tant technique for electronic and pho-
tonic device fabrication, and for the 
monolithic integration of these devices. In 
Microelectronics Journal [Vol. 37, Issue 10, 
pp. 1056–1063] a large-scale parametric 
study of InP deposition on patterned sub-
strates is detailed by Jonathan E. Greenspan*, 
ECE Department, McGill University, Montreal, 
Canada.
This work represents the first comprehen-
sive study, which reports on the impact of 
all major growth parameters on SAE films.
His SAE is the process of locally depositing a 
semiconductor film on a substrate patterned 
with an inert masking material.
During MOCVD the build up of precursors 
over the mask causes material to diffuse 
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into the open areas leading to a growth 
rate increase. The present work is a single 
comprehensive study, which reports on the 
impact of all major MOCVD parameters 
to SAE InP films. The physics of SAE was 
explored to reveal brand new insight 
into previously unexplainable phenomena 
by analyzing grown films deposited over 
the broad range of parameters used in 
this study.
The study, which consisted of a large series 
of growth experiments, was designed to 
deliver design rules for the application of 
SAE to electronic and photonic integra-
tion. In each experiment, an InP film was 
deposited by MOCVD over a patterned InP 
substrate using unique growth conditions. 
The films were subsequently characterized 
by SEM and AFM imaging, and by DEKTAK 
surface profiling.
In the AFM image shown above, the mor-
phology is typical of the mesa structures 
selectively grown in the gaps. The centre is 
flat while ‘rabbit ears’ are seen adjacent to 
the masks. The horizontal scaling is approxi-
mately 10 times the vertical scaling.
*Corresponding author: jongreenspan@yahoo.ca
Web: www.mcgill.ca
OLEDs for lighting in R&D project
AIXTRON will participate in an R&D 
project with its Organic Vapor Phase 
Deposition (OVPD) technology platform in 
a consortium together with OSRAM, Philips, 
BASF and Applied Materials. The final goal 
of this project, called OPAL 2008 (Organic 
Phosphorescent lights for Applications in 
the Lighting market 2008), is the develop-
ment of an OLED production technology 
capable of achieving the cost target of a few 
Euro cent per sq cm for a high performance 
white OLED device.
To reach this target, the individual research 
activities of all partners within this group 
will be gathered and coordinated to maxim-
ise the feasible synergy effects.
The specialized organic materials required 
will be developed by BASF. The device 
architecture for the lighting modules and 
the adapted OLED processing technology 
will be developed by OSRAM and Philips.
AIXTRON’s contribution to the project will be 
to improve the production capabilities of the 
OVPD process by designing equipment for 
large area deposition of OLED devices. With 
its unique features, low cost manufacturing, 
large area deposition and high flexibility in 
making novel multilayer devices, the propri-
etary OVPD technology is considered as the 
most suitable one for mass production. These 
features are seen as the key properties in 
future production to achieve the efficiency of 
50 lm/W at 1000 cd/m2 as required for light-
ing products. The research will be carried out 
in Aachen, Germany, at the Philips production 
site in Aachen Rothe Erde where a prototype 
OVPD system is already installed and running. 
Additional scientific support is provided by 
RWTH Aachen University. This collaboration 
ensures that the correlation between device 
performance, chemistry and production tech-
nology will be fully understood.
The German Ministry of Science and 
Technology (BMBF) supports the devel-
opment of OLEDs for lighting applica-
tions with 100m for the next five years 
(OLED2015). The involved companies in 
Germany, 33 partners within the OLED 
initiative, will contribute additional 500m
to achieve the technical targets. Scope of 
the initiative is the introduction of this new 
lighting technology into the market.
Web: www.aixtron.com and www.bmbf.de/ 
de/3604.php
Very high-speed oxide coating 
by laser CVD
In a special edition of the Elsevier jour-
nal Thin Solid Films for the International 
Conference On Surfaces, Coatings And 
Nanostructured Materials [Vol. 515, Issue 1, pp. 
46–52] a paper reports the high-speed oxide 
coating by laser chemical vapour deposition 
and their nanostructure. They suggest that the 
resulting nanostructure controlled YSZ and 
titania films have promise for thermal barrier 
coatings and photocatalysis, respectively.
Using their method, a range of thick oxide 
films can be prepared by LCVD at high dep-
osition rates making them more attractive to 
a number of engineering applications.
Authors Takashi Goto* and Teiichi Kimura of 
the Institute for Materials Research, Tohoku 
University, Japan, prepared and studied 
oxide thick films, partially yttria-stabilized 
zirconia (YSZ) and titania (TiO2) using laser 
CVD. By this means they were able to tre-
mendously increase the deposition rate: up 
to 660 and 2500 micron/h, respectively.
They report that once the plasma formed 
above a critical laser power and substrate 
pre-heating temperature, the deposition 
rate was largely determined by source gas 
supply. The morphology and nanostructure 
of films mainly depended on substrate tem-
perature and deposition rate.
The research was conducted by the Nano-
coating Project supported by NEDO, Japan.
The figure shows a schematic of the laser 
CVD apparatus – it is a stainless steel 
hemispherical cold-wall type chamber. 
The Nd:YAG laser is introduced through 
a quartz window and the beam expanded 
to cover the whole alumina substrate 
(15×15×2 mm).
The thickness of films has to be more than 
several hundred microns, therefore high-
speed deposition processes in use today 
include plasma spray and electron-beam 
PVD. However, heterogeneous microstruc-
tures of thermal spray methods have often 
caused problems, hence the interest in 
laser methods. Use of laser-assisted CVD is 
not new; it has been used to fabricate thin 
films in semiconductors and comes in two 
forms: Photolytic LCVD where laser is used 
as a high-energy source for photochemical 
reactions, and Pyrolytic LCVD where laser is 
used as a heat-source for thermal reactions.
Each has its merits and drawbacks and the 
technology is constantly evolving prompt-
ing frequent re-examination of these 
techniques. Recent development of laser 
technology can provide high-power laser 
with ease. Many thick films can be prepared 
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at high deposition rates more than several 
100 µm/h by LCVD and the new paper 
focuses on YSZ and titania films by LCVD 
using high power Nd:YAG laser.
A variety of morphologies of films from 
feather-like columnar to dense microstruc-
tures were obtained depending on deposi-
tion conditions, see photo. The columnar 
structure contained a large amount of nano-
pores at columnar boundary and inside 
grains. These columnar structure and nano-
pores were advantageous for applying YSZ 
films to thermal barrier coatings.
YSZ films with well developed columnar 
structure were obtained at the highest 
deposition rate of 660 micron/h. titania 
films were prepared at further higher speed 
of 2500 micron/h. The activation energy 
for the deposition for both YSZ and titania 
films was about 10 kJ/mol, suggesting a 
mass transfer limited process.
*Contact: goto@imr.tohoku.ac.jp
New patent awards
Improving LEDs
In US patent #7,102,215 by K. Arndt of Osram 
GmbH a surface-mountable light-emitting 
diode structural element is described – here 
the opto chip is attached to a carrier part of a 
lead frame for improved heatsinking.
The chip carrier part and the connection 
part are encased by the foundation or are 
embedded in it so that partial areas of 
upper sides of the chip carrier part and 
the connection part with the remaining 
floor surface tightly close the recess. The 
semiconductor chip is completely encased 
by the emission-permeable window part 
except for its lower side, with which it lies 
on the chip carrier part. The recess and 
its inner surfaces are formed and disposed 
so that they form an essentially truncated 
cone-shaped reflector for the radiation 
emitted by the semiconductor chip.
It overcomes the above-mentioned disadvan-
tages of the prior art devices of this general 
type, in which improved heat conduction 
from the chip is assured, without at the 
same time substantially altering the hous-
ing dimensions, and without substantially 
increasing delamination danger.
For additional cooling of the LED chip (1), 
the chip carrier part (2) has a cooling fin 
(15, indicated by dotted line). It projects 
out of the side surface (18), from which the 
external connections (4, 5, 9) project, on the 
opposite side surface (19) of the foundation 
(10), and is bent outside the foundation to 
its back side, so that it lies on the side sur-
face. Further cooling devices can optionally 
be attached thermally to the cooling fin (15).
In US patent #7,095,052 Avago Technologies’ 
K. Goh et al. describe a method and struc-
ture for improved LED light output. This is 
increased by incorporating multiple active in 
series separated by tunnel junction diodes. 
This also allows the LEDs to operate at 
longer wavelengths.
Also from this company’s K. Goh is US pat-
ent #7,102,177, on a LED incorporating 
a gradient index (GRIN) element with a 
cylindrical refractive index profile in which 
the refractive index varies radially and is sub-
stantially constant axially. Since the radiation 
pattern depends on the length-to-pitch ratio 
of the GRIN element, LEDs with different 
radiation patterns can be made simply by 
using GRIN elements of appropriate lengths.
Thirdly for Avago, US patent #7,092,425 
for R.P. Schneider et al., concerns a VCSEL 
device with improved modal properties. 
Using lateral physical modulation, the optical 
properties of VCSELs can be stabilized and 
controlled by spatially varying the character-
istics of the device material. This results in 
stabilization of the linewidth, the numerical 
aperture, the near and far field, as a function 
of bias and temperature. A VCSEL includes 
a substrate, an active region sandwiched 
between an upper and lower distributed 
Bragg reflector, and electrical contacts. A 
light emission property, e.g. the index of 
refraction, may be varied by patterning or 
texturing the surface of the substrate prior 
to growth of the epitaxial DBR layers or at 
least one layer of either the upper or lower 
DBRs, or by inserting a non-planar layer.
In US patent #7,102,747, Wang et al.,
Hewlett-Packard Development Co., report in
situ excitation for Surface Enhanced Raman 
Spectroscopy (SERS). A device for generat-
ing Raman scattered radiation comprises a 
VCSEL laser source and a SERS-active struc-
ture. The laser source may be configured for 
emanating radiation from an emanating sur-
face or by forming a depression in the laser 
source, which creates a region of increased 
evanescent field from the laser source. SERS 
systems and methods include a device for 
generating Raman scattered radiation with 
a detector configured to receive the Raman 
scattered radiation.
Sharp: MBE nitride growth
In US patent #7,115,167, S.E. Hooper et al.
of Sharp Labs in Kidlington, Oxfordshire, 
UK, describe a method of growing a semi-
conductor multi-layer structure.
At present, growing high-quality nitride 
semiconductor layers by MBE is more dif-
ficult than growing such layers by MOCVD, 
the authors say. The principal difficulty is 
in supplying sufficient nitrogen during the 
growth process, and it is difficult to obtain 
a V/III ratio of 10:1 or greater during MBE 
growth of a nitride semiconductor layer. 
The two commonly used sources of nitro-
gen in the MBE growth of nitride layers 
are plasma-excited molecular nitrogen or 
ammonia.
The new approach provides a method of 
growing an (In,Ga)N multi-layer structure 
by MBE. Each GaN or InGaN layer in the 
multi-layer structure is grown at a substrate 
temperature of at least 650°C, and this pro-
vides improved material quality. The supply 
rate of indium to the growth chamber is 
varied to select the desired composition 
for the layer being grown. This allows the 
structure to be grown at a substantially 
constant growth rate. The substrate temper-
ature is preferably kept constant during the 
growth process, to avoid the need to inter-
rupt the growth process to vary the sub-
strate temperature between the growth of 
one layer and the growth of another layer.
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